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Abstract

Myotis soda/is, the Indiana bat, i s a federally endangered bat species i n the United States
of America (USA). Conservation efforts are typically focused at identified maternity sites
at local scales, however, the species is a regional migrant that interacts with its
environment at multiple spatial scales. We are limited in our knowledge of landscape
level requirements of this species, especially in large areas such as Illinois, USA, where a
wide range of environmental and landscape conditions exist. Many previous M soda/is
habitat studies have limited their focus to smaller spatial scales. Due to limitations in
funding, personnel, and time, it i s imperative we understand both microhabitat and
landscape-level habitat preferences to prioritize effective adaptive management strategies
to maximize return on conservation investment. Our goals were to 1 ) identify the main
factors that influence the distribution of maternity colonies across the Illinoi s landscape,
2) map the distribution of suitable habitat, 3 ) identify habitat patches that are important to
conserve for retaining the functional connectivity of all habitat, and 4) i dentify state and
federally-owned and/or managed lands that contain optimal habitat to highlight areas to
focus conservation investments. Using 3 0 years of maternity occurrence data, we created
Habitat Suitability Models (HSMs) and identified factors influencing the di stribution of

M soda/is . We combined plausible models to map suitable maternity habitat across the
study area. Using graph theory, we conducted a connectivity analysis on optimal habitat
patches to rank them according to Probability of Connectivity-associated metrics. Our
models indicated that M soda/is require complex landscape-level habitat features,
including l imited agriculture, more forest and forest edge, proximity to medium-sized
water bodies, lower elevations, and limited urban development. In addition, areas farther
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from maj or roads and closer to hibernation sites provide better habitat. One-third of
Illinoi s i s suitable maternity habitat for M .sodalis and many optimal patches occur within
protected areas. We revealed that many habitat patches not only are i mportant for hosting
maternity colonies, but also are necessary components for bats migrating from
hibernation sites to reach other maternity habitat patches. Our models allowed us to
develop conservation strategies to recommend for improving maternity habitat suitability
and connectivity in priority areas to aid in the recovery of thi s imperiled bat species.
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Introduction

Landscape ecology (LE) is a young, evolving fi eld that examines how landscape
pattern affects ecological processes (Turner and Gardner 20 1 5). Bunn et al . (2000)
suggest that all organisms are limited in some way by landscape pattern. Applying
concepts within LE can be useful to explore how organisms interact with landscape
composition and structure, and how they may respond to alterations in the landscape in
response to climate change or other anthropogenic disturbances. It is also useful to
identify priority areas for conservation and wildlife corridor planning to get the most
return on conservation investment (Bunn et al . 2000; Urban and Keitt 200 1 ). Many
ecological studies have adopted graph theory, a LE concept, to assess the functional
connectivity of landscapes (Bunn et al. 2000; Urban and Keitt 200 1 ). Functional
connectivity relates to the landscape permeability, or the likelihood that an organism can
traverse the matrix (non-habitat) to reach a habitat patch given its dispersal abilities,
patch characteristics, patch network, and the hostility of the background matrix. LE
concepts are increasingly being applied to bat ecology, however, there is a need for more
landscape-scale studies that can translate to on-the-ground, effective conservation
(Cooper-Bohannon et al . 20 1 6;Le Roux et al. 20 1 7; Lilley et al . 20 1 8; Razgour et al.
20 1 6; Roscioni et al . 20 1 3).

Myotis soda/is, the Indiana bat, is an insectivorous bat species that is listed as
"Endangered" under the United States Endangered Species Act (ESA) and "Near
Threatened" on the International Union for Conservation of Nature' s Red List of
Threatened Species. In the winter, the species is dependent on caves and mines where the
bats hibernate in large clusters (Whitaker and Brack 2002) and in spring, summer, and
1

fall seasons require larger trees (usuall y dead, but not always) with sloughing bark for
roosting (Carter et al . 2006; Gumbert et al . 2002). In the fall, bats mate before entering
hibernation (Guthrie 1 93 3 ) and females undergo regional migration in the spring
(Fleming and Eby 2003 ; Krauel et al . 20 1 8), traveling away from hibernation sites to
maternity grounds and utilizing stopover habitat to roost and forage along the way
(Krauel et al . 20 1 8; PL Roby, Copperhead Environmental Consulting, personal
communication). Once at maternity grounds, females form large colonies in a set of trees
and stay in the summering area and rear young until the fall when they return to
hibernacula (Guthrie 1 933). Each maternity tree can host up to 1 00 or more bats,
suggesting that suitable maternity habitat is necessary to support fecundity of the species
(USFWS 2007). Males sometimes travel to maternity areas (Bergeson et al. 2 0 1 8), but
may stay closer to hibernation sites (Whitaker and Brack 2002). Males at maternity
grounds in Indiana did not often roost in maternity trees with females, but rather roosted
individually or in small groups (Bergeson et al . 20 1 8) .

M soda/is populations are at risk from many anthropogenic factors, both i n
Illinois and across the species range. Human disturbance to hibernacula prompted initial
listing

of M . soda/is under the ESA (Clawson 2002) and more recently populations have

been adversely affected by the i ntroduction of White-Nose Syndrome (WNS), a fungal
disease caused by the non-native pathogen, Pseudogymnoascus destructans, to cave
systems (Frick et al . 20 1 0; USFWS 2007). In addition to these winter disturbances, M

soda/is are encountering a less permeable summer matrix caused b y habitat removal and
forest fragmentation via urban sprawl and clearing for agriculture (Carter et al . 2002;
USFWS 2007). Moreover, the fl at and windy landscape in Illinoi s has been ideal for wind
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energy development, a known threat to migrating bats. Turbine installation contributes
some to habitat fragmentation and reduces the permeability of the landscape matrix by
increasing mortality risk during migration (Arnett and Baerwald 20 1 3 ; Roscioni et al .
20 1 3 ). Populations are challenged further by the use of pesticides on agriculture (IDNR
20 1 7). A comprehensive review of insect declines revealed that intensive agriculture is
the main cause worldwide, followed b y pesticide use (Sanchez-Bayo and Wyckhuys
20 1 9). Introduced toxins such as insecticides and other environmental contaminants can
bioaccumulate and could cause mortality in M . soda/is (O' Shea and C lark 2002). In
Puerto Rico, insect declines driven by climate change have completely altered the food
web and population changes in insectivores such as birds, lizards and frogs have followed
(Lister and Garcia 2 0 1 8), which could also be happening with insectivorous bat species.

M soda/is has been studied more intensively than many other Midwestern bat
species under conditions of the ESA that require consultation with the United States Fish
and Wildlife Service (USFWS) and presence/absence surveys in the event of potential
impact (USFWS 20 1 8) . Early listing emphasized the need for studies describing summer
habitat to aid management and regulation decisions (USFWS 2007). Due to these
requirements, microhabitat and home range-level needs of the species are well-described
in the literature (Britzke et al . 2006; Callahan et al . 1 997; Carter 2006; Carter and
Feldhamer 2005; Gumbert et al . 2002; Humphrey et al . 1 977; Kurta et al . 2002; Menzel
et al . 2005; Sparks et al . 2005; Whitaker and B rack 2002), focusing on roost tree, forest
plot, and home range-level scales. With advancements in technology and Geographic
Information Systems (GIS), research is evolving to include more landscape-level
components (Carter et al . 2002; Hammond et al . 20 1 6; Pauli et al . 20 1 5), as bats likely
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interact with their environment on multiple spatial scales, selecting at the microhabitat
level for roosting, the home range-level habitat for foraging and larger landscape-levels
for decisions about where to migrate. Landscape pattern may be i mportant for bats, as
migration may take several days (Krauel et al . 20 18; PL Roby, Copperhead
Environmental Consulting, personal communication) and having functionally connected
habitat available for foraging and roosting i s likely crucial to support the energetic
demand of migration and the maternity process that follows. We have limited knowledge
about the migratory habits of bats, however it has been proposed that bats sometimes use
landscape features or corridors to navigate when convenient (Serra-Cobo et al. 2000;
Sparks et al . 2005). M. sodalis show fidelity to summering areas (Gardner et al . 199 1;
Gumbert et al . 2002; Kurta and Murray 2002; Pettit and O 'Keefe 20 17), including prior
year roosts (Gardner et al . 199 1; Gumbert et al . 2002). When roosts are no longer
suitable, bats often return to the general roosting area and find new trees (Gumbert et al .
2002). Therefore, populations are likely sensitive to disturbances i n the landscape at both
the maternity grounds and areas connecting hibernation sites and maternity grounds.
Current federal regulations to conserve summer habitat focus on local protection
of maternity roosts and surrounding trees by assigning a seasonal conservation buffer
around identified sites (USFWS 20 18). With some exceptions, clearing of up to 10% of
forest stands or 4 ha within a home range during the inactive season i s not considered to
adversely affectM. soda/is (USFWS 20 15). There are ample data to suggest that
additional strategies are needed for long-term conservation ofM. soda/is. Roost trees are
often unusable after 1 to 2 years as they naturall y decay (Gumbert et al . 2002; Kurta et al .
2002; O'Keefe and Loeb 20 17) or even within seasons when destroyed by weather
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(Gardner et al . 1 99 1 ). Therefore, protecting only known roosts is i neffective as a l ong
term conservation strategy. Surveys to detect bat presence in new areas and find new
roosts every year are time consuming and expensive (Hammond et al. 20 1 6, Pauli et al .
20 1 5) and M soda/is are using several trees every year (Gumbert et al . 2002; Humphrey
et al . 1 977), making locating all of them difficult. Bats are facing precipitous declines and
the need for adaptive conservation strategies i s urgent.
While land managers and scientists have made steps to facilitate recovery of M

sodalis populations, conserving, restoring and enhancing maternity habitat in critical
areas and improving the matrix-habitat relationship may be the most effective strategy i n
promoting recruitment of the species at this time. Habitat suitability modeling (HSM;
a.k.a. species distribution modeling; ecological niche modeling) is one tool used in
ecology to model landscape-scale habitat (Elith et al . 2006). The number of HSM studies
in bat research has grown exponentially in recent y ears, however only 2.2% of studies
occurred in the North-Central United States (Razgour et al . 20 1 6). Several HSM studies
of M soda/is either analyze roost or foraging (acoustic or capture) data, which only
model the roosting or foraging habitat requirements. M soda/is need both roosting and
foraging habitat; therefore, there is a need for models that capture a more complete
ecological niche of the species to best understand the factors that influence distribution
and habitat suitability . Previous M. soda/is HSM studies have primarily occurred in small
homogeneous landscapes, which only capture the habitat requirements of the species for
that given area and scale, making results less relevant to larger landscapes or different
ecoregions (De La Cruz and Ward 20 1 6; Hammond et al. 20 1 6; Pauli et al. 20 1 5; but see
Loeb and Winters 20 1 2).

5

Given the l imited understanding of the landscape-level habitat requirements for

M soda/is and summer regulations focusing on maternity-associated records (USFWS
2007; USFWS 20 1 8), we developed a study to model maternity habitat suitability across
a larger, more heterogenous landscape. We used MaxEnt, a presence-only HSM tool
(Phillips et al . 2006), with a long-term state-wide data set of occurrences to i dentify
landscape-scale factors that influence the distribution of M. soda/is maternity colonies in
Illinois. We used an information-theoretic (IT) approach to test a set of hypotheses to
determine important influences on maternity distribution: distance to hibernation sites,
water availability, forest availability, forest type, forest complexity, forest fragmentation,
amount of agriculture, urban disturbance, elevation, climate, insect avail ability, foraging
needs, snag availability, energetic demand of migration, land use history bias, and
research bias. We also tested complex hypotheses based on findings from previous
literature, such as Carter et al. (2002), and predicted bats to be in areas with more forest
cover, less agricultural cover but more agricultural patches, more water patches and less
urban cover. Carter (2006) hypothesized that hydric habitats were crucial for M. sodalis
in the Midwest, so we tested the hypothesis that bats would be di stributed i n proximity to
bottomland forest and water. We hypothesized that maternity habitat i s likely complex
and requires "goldilocks" -type conditions where more forest and water would be
available, with less agriculture and urban disturbance, at lower elevations, farther from
roads and closer to hibernation sites. Findings from HSMs in the Appalachian mountains
prompted us to test the influence of elevation and availability of pine trees (Hammond et
al . 20 1 6). We tested the influence of temperature and elevation on distribution as those
are important range-wide (Loeb and Winters 201 2). We tested a global model where we
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assume that everything i s important, and a null model where distribution is random. We
used the plausible HSMs to map maternity habitat and determine habitat patches of
optimal suitability. We evaluated individual habitat patch importance on the functional
connectivity of the habitat network across the Illinois landscape using graph theory, and
present patches with optimal habitat and high connectivity importance as priority
conservation areas for habitat protection and enhancement, as well as suggest restoration
efforts be concentrated in the matrix surrounding priority patches. In addition, we
identified protected lands that contain optimal maternity habitat across the study area, and
recommend allocating resources in and around those lands.

Methods
Study area

Illinois i s a large midwestern state in the USA and theM. sodalis summer range
spans the lower three-quarters of the state (IDNR 20 1 7; USFW S 2007), with many
records in the southern and western parts of the state and fewer in the northern, eastern
and central sections (Figure I A) . Ten percent of winter populations hibernate in Illinoi s
hibernacula (INDR 20 1 7) and several other hibernacula are scattered in neighboring
states (RA King, USFWS, data sharing agreement signed in 2017). Henle et al . (20 1 8)
have hypothesized that species may be more sensitive to landscape pattern and alteration
at the edge of their ranges, which if true, makes Illinois an ideal study area because it has
many landscape patterns and includes the northern edge of the species range for the
Midwest. Historically the landscape was dominated by prairie and forest ecosystems, but
has been altered drastically to support intensive row-crop agriculture (Iverson 1 988). The
hill prairies and other natural ecosystems provided a diversity of plant species that likely
7

supported an abundance of insects (Dietrich 2009). Small patches of forest fragments are
scattered throughout the state. Many of them are state, government or privately-owned
lands set aside for recreation and conservation (Holman 20 1 8). The Missi ssippi River
Floodplain is important roosting habitat for bats in Illinois due to snag creation via fl ood
events (Bergeson et al. 20 1 5; Carter and Feldhamer 2005). The southern quarter of the
state is largely covered by the Shawnee National Forest, which is owned and managed by
the United States Forest Service.
Occurrence data

We acquired M. soda/is summer occurrence data from USFWS and IDNR under a
data sharing agreement in 20 1 7 (RA King, USFWS). We combined the datasets and
removed duplicate records. We also removed records with low positional accuracy,
which were typically older records with no follow-up observations in recent years. All
records that were not a maternity-associated record (captured reproductively active
female, captured j uvenile or maternity roost location) were also removed.
During the summers of 20 1 7 and 20 1 8, the Illinois Bat Conservation Program
(IBCP) conducted additional mist-netting and telemetry surveys throughout the state to
target areas with M. soda/is distribution gaps. We followed American Society of
Mammalogists guidelines for mammal research (Sikes et. al . 20 1 6) and all current White
Nose Syndrome Decontamination protocols (https://www .whitenosesyndrome.org). Work
was conducted under appropriate state permits, USFWS Recovery Permit No.
TE 1 1 l 70C-O held by Ashleigh Cable, and strictly followed Institute for Animal Care and
Use (IACUC) protocol No. 1 6074 approved by the University of Illinois committee.
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We conducted 3 9 nights of netting in 1 0 study areas from 1 5 May to 1 5 August in
20 1 7 and 3 1 nights in 12 study areas from 1 5 May to 1 5 August in 20 1 8. A study area
consisted of a general area where we sampled at least one mist net site for at least two
nights. Reproductively active females or juveniles were fitted with radio transmitters
(0. 27g, Model LB-2X, Holohil Systems Ltd., Ontario, Canada) and tracked with a
receiver (TRXI OOOs, Wildlife Material s Inc ., Murphysboro, Illinoi s, USA) and antenna
(3 and 5- element Yagi antenna, AF Antronics, Urbana, Illinois, USA) for 7 or more
days, or until the transmitter failed, in order to locate maternity roosts. Males were not
tracked because they often do not roost with maternity colonies (Bergeson et al .
20 1 8;Whitaker and Brack 2002). Once a maternity roost was located, we collected habitat
data including tree species, diameter at breast height (cm DBH), percent exfoliating bark,
decay stage, and tree ranking (canopy, sub-canopy, or understory) . We used a concave
spherical densiometer (Forestry Suppliers, Inc., Jackson, Mississippi, USA) to estimate
percent solar exposure b y averaging readings i n the four cardinal directions at the roost
and 5 m out from the roost. We used a I O-factor wedge prism (Forestry Suppliers, Inc.,
Jackson, Mississippi, USA) for a rapid assessment of basal area of the forest plot
surrounding

the roost,

centering

the prism

on

the roost tree. We visually estimated

percent understory clutter, any vegetation in the forest understory, to the nearest 25%. All
data are reported as the mean± 1 Standard Error (SE). We conducted at least two
emergence counts at each roost tree to confirm use and estimate colony size.
We combined our data collected from 20 1 7 and 20 1 8 with the USFWS and IDNR
datasets. In ArcMap 1 0. 5 . 1 (Environmental Systems Research Institute, Redlands,
California, USA), we removed records that were < 1 km away from other records to
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reduce spatial autocorrelation. We used thi s distance to be consistent with other studies
on M. soda/is roost selection or distribution (Carter et al. 2002; Pauli et al. 20 1 5). The
result was an occurrence data set containing 1 5 8 records from 1 989-20 1 8 (Figure l A).
Environmental variables

We considered a series of 27 environmental variables predicted to be important to
the ecology of M . soda/is, acquiring raw data from various sources or creating variables
via measurements in ArcMap and FRAGSTATS (version 4.2; McGarigal et al. 20 1 2).
Environmental data contained information about climate, elevation, land cover or
configuration, and distance to features such as : hibernation sites, roads, urban areas, and
water sources (Table 1 ).
We made two land cover variables-Land Cover 1 and Land Cover 2. We used
3 0-m resolution (30 m x 30 m grid cell dimensions) Land Cover of Illinois (LCOI) 1 9992000 data from the Illinois Geospatial Data Clearing House
(https ://clearinghouse.i sgs. illinoi s. edu/data/land-cover/land-cover-illinoi s- 1 999-2000data). Newer land cover was available from other sources, but we determined that LCOI
was the most accurate available for all land classes. We simplified land classes from 29 to
6 classes to create the Land Cover 1 layer including: forest, agriculture, grassland, urban,
water, and other. We resampled the resolution to a coarser 1 00 m { 1 00 m x 1 00 m grid
cell dimensions) to reduce the computational power needed in subsequent steps while still
capturing the complexity of the landscape. We determined classification accuracy b y
conducting a preliminary accuracy assessment using high-resolution satellite base map
imagery at generated random points in ArcMap. We generated random points (n=286) in
proportion to land class availability and determined that classification accuracy was in
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almost perfect agreement (Cohen' s K= 0. 82; Landis and Koch 1977). We created Land
Cover 2 using the same reclassifying and resampling approach, however it was simplified
to contain more specific forest classes: bottomland forest, deciduous forest, coniferous
forest, open foraging, urban and water. This created a layer to account for possible
influence of specific forest types on distribution.
We used FRAGSTATS 4.2 (McGarigal 2 0 12) and our Land Cover layers to
create gradient surface rasters by calculating landscape metrics for total edge, area, and
number of patches using a moving window anal ysis. The resulting gradient rasters were
to test the effect of landscape composition and structure on maternity distribution. We
used a circular moving window with a 1-km radius centered on each cell of the Land
Cover 1 or 2 rasters and calculated metrics within the area of the window; each cell in the
resulting raster contained a value for the surrounding �346 hectares (ha) area.
Additionally, we incorporated the 100-m ( �7ha) and 500-m (�95 ha) scales for edge and
area of Land Cover I-derived variables, because Bellamy et al . (20 13) found that habitat
predictions for bats in England were often better at the 100 to 500 m scales. The 500 m
radius ( 1. 1 km diameter) moving window roughly corresponds to M soda/is dispersal
capabilities from roosts to foraging sites (Carter et

al . 2002; Pauli et al . 20 15; Timpone et

al . 20 10). We did not consider spatial scales with radii greater than 1 km because

this

was

the same as the spatial autocorrelation distance used to filter the occurrence data.
We used 3 0-m resolution elevation data from the Illinoi s Geological Survey

�l�ya1iQll-:-Jnog�J:dem), resampled with the bilinear method (averaging) to 100-m
resolution. Elevation was the second most important predictor variable to a range-wide
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study of M soda/is (Loeb and Winters 20 1 2) and is also important at smaller spatial
scales (Hammond et al . 20 1 6). Temperature was the most important variable in Loeb and
Winters (20 1 2) and is important for predicting timing of colony formation (Pettit and
O'Keefe 20 1 7) . Therefore, we assessed the effect of average maximum May temperature
on distribution. Temperature data were sourced from the 3 0-year normal ( 1 9 8 1 -20 1 0)
PRISM dataset (PRISM Climate Group, Oregon State University,
http ://prism.oregonstate.edu, created 4 Feb 2004). We selected maximum temperature
because minimum, maximum and average temperature were highly correlated. May was
chosen because M soda/is in Indiana began forming maternity colonies around 8 April to
14 May (Pettit and O'Keefe 20 1 7) and USFWS recognizes the maternity season to begin
mid-May (USFWS 20 1 8) .
For all "distance-to" variables, w e used Model Builder and the Distance tool in
ArcMap to calculate distance to a feature from the center of each cell in a raster. We used
water area shapefiles from the United States Geological Survey National Hydrography
Dataset (nhd.usgs.gov) and eliminated water bodies with area less than 1 ha
(corresponding to the area of each raster cell) to create a distance to water variable. We
derived a distance to major roads variable using

Illinois Department of Transportation

road data (http://apps.dot.illinois.gov/gist2/), selecting roads that received an annual
average daily traffic rate of 2,999 cars or greater ( 1 25 cars/hour or 2 cars/minute) as
maj or roads. This was to be comparable to the Pauli et al . (20 1 5) maj or roads variable,
and 2 cars/minute was a threshold that affected bat movement in another study (Bennett
et al . 20 1 3 ) . Hibernation sites whereM. soda/is have been observed (RA King, USFWS,
data sharing agreement signed in 20 1 7) were used to create a distance to closest
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hibernation site variable. Bats may use habitat in proportion to the distance from
hibernacula (Furlonger et al . 1 987) and the majority of M soda/is may not travel very far
from hibernacula (Krauel et al . 20 1 8). M. soda/is on the landscape in Michigan migrated
an average of 477 km to hibernation sites (Winhold and Kurta 2006), however shorter
distances are known to occur. Therefore, we predicted distance to hibernacula would be
one of the most important variables to explain the distribution of maternity colonies in a
study area of this size.
Habitat modeling

We tested models using the program MaxEnt. MaxEnt uses a maximum entropy
approach to quantify relative habitat suitability by finding the most uniform distribution
across the study area given a set of constraints (environmental conditions; Phillips et al.
2006; Elith et al . 2006). Elith et al . (20 1 1 ) describe the process as estimating and
minimizing the ratio of conditions at occurrence locations and conditions available
throughout the study area. MaxEnt performs well compared to other modeling
approaches (Elith et al . 2006) and tolerates smaller sample sizes (Pearson et al . 2007),
which is useful in modeling habitat of endangered and elusive species. Presence-only
modeling is useful for bats because confirming the true absence of a species is difficult,
as bats often fly over mist nets and acoustic surveys using ultrasonic microphones to
record and identify species by their call characteristics may generate false presences and
absences (Krusic and Neefus 1 996). Results of MaxEnt models should be interpreted as
relative values of suitability within the study area given the environmental constraints,
and not as true habitat suitability values (Elith et al . 20 1 1 ; Pauli et al . 20 1 5).
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Univariate models

To reduce the number of environmental variables and identify the appropriate
spatial scale for variables created with different window sizes, we tested univariate
models in MaxEnt to generate Area Under the Receiver Operating Curve (AUC) scores
for each variable. Test AUC scores give a measure to how well a trained model explains
variation when it encounters new data. These scores allowed us to determine which
variables to keep when two variables were highly correlated in subsequent multivariate
modeling steps. In ArcMap, we randomly withheld 1 0% of records to be used for testing
data, which partitioned 1 42 records for training and 1 6 for testing, so that AUCTest scores
could be comparable among models.
Environmental variables were ranked from highest AUCTest score to lowest (Table
1 ). For land cover variables created with multiple moving window sizes, the scale with
the highest AUCfot score was kept. We removed variables with AUCTest <0.5, as this
score suggested that the variable performed worse than random in explaining the
variation in the dataset. We kept variables with AUCTest>0. 5 , as these were assumed to
have some support. Univariate vetting determined variables to be used in creating the
candidate model set (Table 1 ). Similar methodology to determine appropriate scale and
trim variables for candidate model s has been used by Bellam y et al . (20 1 3) and Bellamy
and Altringham (20 15) .
Candidate models

Using an Information-theoretic (IT) approach (Burnham and Anderson 2002), we
tested a series of 26 competing models in MaxEnt, including a null model and a global
model (Table 2). Warren and Seifert (20 1 1 ) suggest using an IT approach for model
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selection and because we could develop hypotheses from what we already know about M

soda/is in the literature, this was appropriate. Each model represented a hypothesi s for
what might explain the distribution of M. soda/is maternity sites in Illinois based on
current knowledge of M soda/is ecology or some additional exploratory hypothesi s.
Seven models were loosely based on habitat findings from literature in different
ecoregions: Vermont and New York (Britzke et al . 2006), Illinois (Carter et al . 2002),
hydric habitats (Carter 2006), West Virginia (De La Cruz and Ward 2 0 1 6), Appalachian
Mountains (Hammond et al . 20 1 6), Missouri (Womack et al. 20 1 3 ), and range-wide
(Loeb and Winters 20 1 2). Seventeen other model s represented other hypotheses,
including 2 models accounting for potential research bias (more surveys may have
occurred closer to hibernation sites, water, and roads) and land use history bias (bats may
be distributed in areas that are more remote or harder to access/disturb such as in riparian
areas, higher or lower elevations, or farther from roads).
Models contained 1 to 7 variables and each variable was used at least twice in the
candidate model set (Table 2). We calculated a Pearson' s correlation matrix using
SDMtoolbox (Brown et al . 20 1 7) in ArcMap to remove correlated variables within each
model based on the A UCTest score. If two variables were highly correlated (r >O. 7) within
a model, the variable with the lower AUCTest score was removed. The global model
contained 1 variable from every general environmental category (forest, water,
agriculture, elevation, and urban di sturbance) minus correlated variables. The goldilocks
model al so contained variables from every general category, but contained less
parameters than the global. The null model was created in MaxEnt using a random ASCII
grid that was generated in ArcMap using i nteger values 1 to 1 00 randomly distributed
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across the study extent. This was an effective method to create a null model
(AUCTest=0.49).
The default settings of MaxEnt are not recommended for most studies, and
Warren and Seifert (20 1 1 ) encourage users to explore different feature and regularization
multiplier combinations to determine the most parsimonious model . Recognizing that
bats likely have complex relationships with environmental conditions, we allowed both
linear and quadradic effects (Elith et al . 201 1 ). Increasing the regularization multiplier
reduces overparameterization by penalizing models with more parameters (Warren and
Seifert 20 1 1 ). We explored a range of multipliers and found that i ncreasing the default to
a value of 3 to be best. Values above and below 3 resulted in overfitting of the global
model with the most parameters, where it was ranked first and held 1 00% of the AICc
weight given the set.
We used ENMTools (Warren et al. 20 1 0) to calculate AICc values (Burnam and
Anderson 2002) from the raw output ASCII and LAMBDAS files generated from
MaxEnt. We ranked models based on the deviation from the model with the lowest AICc
score (i:1AICc) and calculated weights and evidence ratios for each model (Table 3).
Models with �AICc

<2 are

typically considered to have equivalent support given the

candidate set (Burnham and Anderson 2002), and we used a combination of i:1AICc,
AICc weights, and evidence ratios to determine the plausible models. If more than one
model was competitive (i:1AICc�2), we calculated weights and considered models with
AICc weight >0. 0 1 to be plausible. We did not consider AUC scores to rank the
candidate model set because AUC scores are correlated with the number of parameters in
a model (Warren and Seifert 20 1 1 ) .

16

We calculated parameter importance values by summing the weights across all
plausible models in which they appeared. Variables that had importance values closer to
1 were considered more important than variables closer to 0. Within each of the plausible
models, parameter estimates and direction of influence were calculated for each of the
variables (Table 4).
Suitability map

We averaged the resulting plausible models to create a M sodalis maternity
habitat suitability map (Figure l B; Figure 2). Using the Raster Calculator tool in ArcMap
and an equation provided by Hammond et al. (20 1 6), we converted raw MaxEnt output
ASCII files to logistic output (values 0- 1 ) and then used the Weighted Sum tool in
ArcMap to average rasters together according to AICc model weights. The resulting
suitability layer is interpreted as the relative quality of habitat, where values closer to 1
represent more optimal habitat given the environmental constraints, and values closer to 0
represent less suitable habitat.
Suitability values were then reclassified into optimal, suitable, and less suitable
habitat using natural breaks in the logistic suitability data in ArcMap. The natural breaks
algorithm is effective in partitioning the data into classes that are similar and maximizes

the <lifferences in the data (Chen et al. 2 0 1 3 ). Using this method to partition suitability
classes allows for a map appropriate to the study area and utilized data without
introducing potential user threshold biases.
Habitat connectivity

We used the HSM map and the freeware Conefor Sensinode 2.6 (C S26; Saura and
Tome 2009) to calculate patch connectivity importance values to identify critical areas
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for maintaining the functional connectivity of the entire habitat patch network (Figure
IC; Figure 5 ; Figure 6). We converted cells classifi ed as optimal habitat into simplified
polygons using the Raster to Polygon tool in ArcMap to represent optimal maternity
habitat patches. The patch area distribution of the resulting polygons was skewed and
contained many small patches of optimal habitat. According to USFWS Section 7
technical assistance (USFWS 20 1 5), forest patches less than 4 ha are unlikely to support
maternity colonies. We do not know exactly the minimum patch size that can support a

M soda/is maternity colony (IDNR 20 1 7), however to reduce the computational power
needed for C S26, patches with areas less than 4 ha were removed. This retained 1 ,656 of
the largest optimal patches, ranging from 4 to 698,320 ha. The mean optimal patch size
was 1 ,230 ha and the total area of optimal habitat was 2,025,900 ha. Using Conefor
Inputs for ArcGIS Extension (Jenness 20 1 6), we converted the landscape to a graph with
a series of nodes (optimal habitat patches) and all possible connection (euclidean distance
between patches) files based on patch area as the attribute.
Inputting the nodes and distance files, we calculated metrics associated with
Probability of C onnectivity (PC), an index for assessing habitat connectivity based on the
number and attributes of nodes (in thi s case area of optimal habitat patches) and
connections in a landscape (Saura and Pascual-Horta! 2007). PC is a probabilistic index
of functional connectivity that considers the likelihood of an organi sm reaching a patch
based on a user-specified dispersal distance appropriate to the movement ecology of the
organism and the links between patches. Links can either be direct dispersal from one
patch to another, or they can be stepping stone patches of habitat in the dispersal path.
Bats are volant organisms capable of traversing the matrix, however they do require

18

habitat for cover, foraging and roosting stops along migration routes. In a l ong-term
multi-state spring migration study with M. soda/is, bats travell ed from hibernation sites to
summering grounds stopping to forage and roost along the way (PL Roby, Copperhead
Environmental Consulting, personal communication). An average migration night
consisted of 1 to 8 foraging stops. Bats spent an average of 4 hours traveling and 2 hours
of foraging as they migrated and took around 7.4 ± 1 .4 days to reach maternity sites,
often settling down in available habitat when there was a change in weather. The median
travelling distance between foraging bouts in that migration study was used to define
dispersal probability in C S26, where if a patch was the median distance (I 0. 1 km) from
another patch it was defined as 50% (P=0.5) likely to be reachable b y migrating bats.
The advantage of PC over other connectivity metrics is that it considers
movement between patches, but also within patches (Saura and Rubi o 20 1 0). There are 3
fractions of PC : "intra", "flux" and "connector". "Intra" measures the amount of habitat
reachable within a patch, whereas some other connectivity metrics only measure the
connectedness between patches. "Flux" depends on patch position in the landscape and
on the attribute, where in this case l arger habitat patches will have more flux. The
"connector" fraction measures the patch contribution to the network

of patch connections.

CS26 measures patch connectivity importance (dPC) by removing each patch
individuall y and assessing the change in overall habitat reachability. Patches with higher
dPC values are interpreted as patches that are important for reaching other habitat patches
and should not be interpreted in terms of habitat quality . Additionally, the dPC metrics
should not be interpreted as which habitat patches are more l ikely to be colonized, but
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rather which patches are important for movement between the patch network. See Saura
and Rubio (20 1 0) for additional detail s.
Priority conservation areas

Using dPC, habitat patch importance was classified using natural breaks in the
data into 3 classes : most important, important, and less important (Figure I C ; Figure 5 ;
Figure 6). Overlaying shapefiles (Holman 20 1 8), protected l ands that contained optimal

M soda/is maternity habitat were determined (Table 5). This process allowed for
identification of priority conservation areas (patches with higher dPC scores) to retain the
functional connectivity of optimal habitat on the landscape and identify specific protected
lands that can currently be managed to conserve M. soda/is habitat.

Results
Mist-netting and telemetry surveys

IBCP mist-netting efforts resulted in the capture of 26 1 total bats in 2 1 study
areas, including 1 8 M. sodalis in 8 study areas (Figure I A). In 20 1 7, 7 males, 3
reproductively active females, and 2 j uveniles were captured. Females and j uveniles were
tracked to 1 4 maternity roost trees in 4 study areas. In 20 1 8, 5 reproductively active
females and 1 j uvenile were captured and tracked to 6 maternity roost trees in 5 study
areas ( 1 study area was a repeat survey from 20 1 7). All maternity roosts were l arge (59 . 8
±

5 . 6 c m DBH) and mostly dead trees (with the exception of l live Carya ovata) with

canopy gaps for solar exposure (24.0 ± 5 . 7 % solar exposure). In all trees, bats roosted
under medium to large pieces of sloughing bark (62. 9 ± 7.6 % of avail able bark was
peeling). Roosts had low understory clutter (28 . 7 ± 5 . 5 % clutter) and/or the roost was
located above the canopy for easy exit. All trees were taller canopy trees, with the
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exception of one sub-canopy tree. Roost plots had basal areas 20.3 ± 1 .4 m2/ha. Tree
roosts were in four species groups known to host M sodalis (Gardner et al . 1 99 1 ;
Whitaker and Brack 2002): Ulmus 5p. (elm; 8), Populus deltoides (cottonwood; 6), Carya
5p.

(hickory; 5), and A cer saccharum (sugar maple; 1 ) . Despite study areas being

scattered across the state, bats were tracked mostly to hydric habitats: in riparian zones of
rivers, in swampy bottomlands, along l ake edges, or along seasonally-flooded perennial
and intermittent streams. However, at one study area in central Illinois in early July, we
observed 2 bats within the same colony switching between 3 trees in bottomland habitats
and 2 in upland habitats. We observed 3 to 204 bats exiting maternity roosts (average
highest count for trees was 77 ± 1 5 bats), with 5 trees (4 Populus deltoides and 1 Acer

saccharum) with over 1 00 bats exiting. The tree with the highest emergence count (204
bats) was a large Populus deltoides located in a floodplain of a tributary to the Illinois
River (Figure 3; 73 . 8 cm DBH, 9 1 .2% solar exposure, 0% understory clutter, 40%
exfoliating bark) and was near another large maternity roost (78 bats, Populus deltoides,
1 1 0.2 cm DBH, 3 5 .6% solar exposure, 0% understory clutter, 80% exfoliating bark).
Univariate models

Two of the 27 univariate models had weak support (AUCrest<0. 5) and 6 models
had strong support (AUCTest2:'.0. 75). The 2 models with the weakest scores were urban
associated variables: number of urban patches in 1 km radius (AUCTest=0. 3 06) and area
of urban in 1 km radius (AUCTest=0.3 80). All other variables had some support
(AUC>0 .5 ; Table 1 ) . Area of coniferous forest had low support. Land Cover 1 performed
slightly better than Land Cover 2. The top 1 0 ranked univariate model s were l and cover
variables associated with forest edge, bottomland forest area, general forest area,
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agricultural area, and water area. The area of water in 500 m outperformed area of water
in 1 km and distance to nearest l arger waterbody. Total forest edge in 500 m was the best
ranked univariate model and performed better than at the 1 00 m scale and the 1 km scale.
The univariate vetting resulted in 1 6 environmental variabl es that were used in the
creation of a candidate model set (Table 2).
Candidate models

The goldilocks model that hypothesized that M . sodalis require conditions that are
complex (more water, forest cover and edge, l ess agriculture and urban cover, lower
elevations, farther from roads and closer to hibernation sites) had the l owest AICc score
and held 78% of the AICc weight given the data and the model set (Table 3). The global
model was ranked second (�AICc=2.54) and held 22% of AICc weight. Evidence ratios
suggested that the global model was only 28% likely to be the best approximating model
compared to the goldilocks model . All other models in the set were not likely to be the
best approximating model according to �AICc criterion and evidence ratios (Burnham
and Anderson 2002). The Womack et al . (20 1 3 ) model that hypothesized that bats would
be distributed where more forest canopy cover and bottomland forest is available and
closer to water was the highest ranked model out of all the models based l oosely on
specific l iterature, yet did not appear in the plausible set (�AIC

=

2 1 .29). Urban

disturbance was ranked last, consistent with results from the univariate modeling. Forest
type performed better than forest avail ability, forest fragmentation and forest complexity
(li sted in order).
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Parameter importance and estimates

Five variables appeared in both of the top models and had importance values of 1
(Table 4): area of agriculture in 500 m radius, area of water in 500 m radius, elevation,
distance to closest hibernation site, and area of urban in 500 m radius. Area of forest i n
5 0 0 m radius appeared only in the top ranked model (goldilocks) and total forest edge i n
500m radius and distance t o maj or roads appeared only i n the second ranked model
(global).
Area of agriculture, area of water, area of forest, total forest edge and distance to
roads had l inear (positive) and quadratic (negative) effects on suitability in the plausible
model set (Table 4). As values increased, suitability increased then decreased when it
reached a certain point. Distance to hibernacula had a linear effect (negative) and a
quadratic (positive) effect in both model s (suitability decreased the farther away from
hibernation sites then evened out). Elevation and area of urban cover had linear effects
(negative; as values increased, suitability decreased; Table 4). Bats were observed in
areas with less agricultural area (�3 3%, �65%; mean observed, mean avail able), more
water (�8%, �3%), lower elevations (� 1 5 1 . 88 m, � 1 89.91 m), closer to hibernation sites
(�5 5 . 2 1

km,

�89.25

km), less urban

(�3%, �6%),

more forest

(�4 1 %, � 1 5%), more forest

edge (�39%, � 1 8%), and farther from maj or roads (�6. 3 8 km, �4. 8 7 km) than average
conditions throughout study area (Table 1 ). Response curves for variables within the top
model (goldilocks) are plotted in Figure 4.
Suitability map

The final map classifi e d Illinois as 1 4% optimal (0.44-0.90 l ogistic suitability
values), 20% suitable (0. 1 8-0.43), and 66% l ess suitable (0.00-0. 1 7) maternity habitat

23

based on natural breaks (Figure l B ; Figure 2) Using the Extract Multi Values to Point
tool in ArcMap, we determined that 65% of the occurrence records fell in optimal, 24%
fell in suitable, and 1 1 % of the occurrence records were in less suitable classified
maternity habitat, suggesting our models are �89% accurate in explaining the maternity
distribution of M soda/is in Illinois. Central Illinoi s was l ess suitabl e in general
according to our HSMs, with the exception of areas around the Illinois River Valley . The
Illinois River flows northeast to southwest through central Illinoi s where it confluences
with the Mississippi River. Southern Illinois had the highest concentration of suitable and
optimal habitat. Areas north of the Shawnee National Forest that appeared to have higher
suitability were near rivers such as the Kaskaskia, Big Muddy, Saline, Little Wabash,
Wabash, Embarras, Sangamon and Vermilion rivers.
Habitat connectivity and priority conservation areas

There were 1 , 656 optimal habitat patches analyzed in CS26 (Figure l C; Figure 5;
Figure 6). Southern Illinois (Figure 5), where the Shawnee National Forest i s present,
consisted of 2 larger habitat patches that, when removed, significantly decreased the
overall habitat reachability of the entire Illinoi s habitat network, identifying them as most
important sites for overall connectivity (dPC values 24. 1 0-7 1 .90). Seven other l arger
habitat patches were classified as important (dPC values 5 . 04-24.00; 0.4% of available
patches) and the maj ority of patches (dPC values 0.00-5 .03; n= l ,647; 99. 5% of avail able
patches) were classified as less important for reaching other habitat patches. The area of
the top 9 optimal patches for functional connectivity consisted of 7.4% of the total state
area and 53% of the total optimal habitat area avail able in the state (Figure I C).
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From the protected lands database (Holman 20 1 8), we identified 1 ,224 lands that
contained optimal M soda/is maternity habitat (Table 6). We identified 43 7 l ands with
very important connectivity importance values, 277 with important, and 5 1 0 with l ess
important values. Additionally, 1 87 nongovernmental organization (NGO) and 1 05
county-owned lands were identified to contain optimal maternity habitat. In total, there
were 1 ,5 5 0 protected lands, excluding conservation easements, i dentified to contain at
least some optimal habitat.

Discussion

We set out to determine the factors that influence M soda/is maternity
distribution across a large heterogenous landscape, map the available habitat, and
determine priority areas for conserving and/or enhancing maternity habitat. We found
that some factors that are important for habitat suitability in small er study areas with
more homogenous landscapes (Hammond et al . 20 1 6; Pauli et al . 20 1 5) are l ess important
at larger scales. However, many of the important factors that we identified correspond
with findings from other studies on M. sodalis habitat suitability and selection (Carter et
al . 2002; Hammond et al . 20 1 6; Loeb and Winters 20 1 2; Pauli et al . 20 1 5). Our results
advance our knowledge of the distribution of the species and the basic maternity habitat
requirements across a large landscape. We translate our large-scale findings into
suggestions for on-the-ground management strategies in priority areas.
IBCP surveys located several new maternity records of M. sodalis across the
landscape in 20 1 7 and 20 1 8, suggesting that the species may be more common in Illinois
than previously thought and data di stribution gaps are likely a result of l ack of surveys
where suitable habitat i s available. Whitaker and Brack (2002) estimated that there may
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be as many as 1 2 maternity colonies per county in Indiana, USA (the neighbor state to the
east of Illinois) based on winter hibernation counts i n nearby hibernacula. It i s unlikely
that habitat immediately surrounding hibernation sites can support winter population
numbers in the summer (Whitaker and Brack 2002). Winter population counts in 20 1 7
determined that 52, 3 54 M sodalis hibernated in Illinoi s (USFWS 2 0 1 7), and the three
states with the highest counts were immediately to the west, east and south of Illinois
(Missouri [2 1 7,884 bats], Indiana [ 1 80, 5 83], and Kentucky [58, 1 5 5]), therefore there are
likely many more maternity colonies spread out on the l andscape than currently known i n
Illinois. The goal of our study was not to focus on M . soda/is microhabitat characteristics;
however, we provided current maternity roost characteristics spread over several study
areas (Figure 1 ) to confirm microhabitat needs throughout the state. We confirmed that
microhabitat at the 20 identified roosts across our 8 study areas was consistent with
reports from the available literature from the Midwest and adj acent regions (Bergeson et
al . 20 1 5 ; Callahan et al. 1 997; Carter 2006; Carter and Feldhamer 2005; Gardner et al.
1 99 1 ; Timpone et al . 20 1 0). In 20 1 8, we revisited 3 roosts that we located in 20 1 7 and
found them unsuitable. Two trees had shed all the peeling bark and 1 had completely
fallen over, reinforcing that M soda/is need new roosts to come available

every year

(Gumbert et al . 2002; Kurta et al. 2002; O'Keefe and Loeb 20 1 7) . Because we observed
our roosts naturally decay and we identified 7 maternity colonies within 2 years of
surveying, we affirm that only protecting local sites that have been identifi ed is likely not
a strategy that maximizes return of conservation investment and adopting a l arger
landscape-scale conservation perspective would be appropriate. Our models were
successful (-89% accurate) in identifying l andscape-scale factors that M sodalis require
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for establishing maternity colonies. We found that bats at state-wide scales require
complex maternity habitat related to proximity to medium to large sized water bodies,
limited agriculture, more forest cover and edge, l ower elevations, farther from maj or
roads and closer to hibernation sites. Our models also suggest that M sodalis establish
maternity areas based more on conditions available i n the surrounding �95 ha area
(corresponding to the 500 m circular moving window radius) rather the 7 ha ( 1 00 m
radius) or 346 ha ( 1 km radius) scales, which gives managers a guide for at what spatial
scales conservation investments should be implemented at to be most effective. Our
HSMs allowed us to map the distribution of habitat and rank the relative quality of
habitat throughout the state. Mapping our HSMs revealed that maternity habitat i s mostly
concentrated around rivers in Illinois, which is in agreement with earli er literature (Carter
2006; Gardner et al . 1 99 1 ) . Using the combination of HSM and connectivity analysis
allowed us to identify nine areas of optimal habitat i mportant for connectivity to
prioritize conservation efforts and to maximize limited resources. Additionally, we
successfully identified 1 ,224 state and federally owned and/or managed protected lands
that contain optimal habitat.
The results of our HSMs are similar to findings by Carter et al . (2002) in Illinois
where M. soda/is selected roosts in highly fragmented forests, with more bottomland
forest, more patches of water, l ess urban area, less agricultural area, and more patches of
agriculture in the nearby landscape. Although area of bottomland forest did not appear in
any of our plausible models from our candidate set, it did rank second in the univariate
modeling, suggesting that it is likely important in Illinois. Although Illinois has l imited
variation in elevation compared to previous studies (Hammond et al . 20 1 6), our models
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supported that elevation is an important factor at large scales (Loeb and Winters 2 0 1 2). In
Illinois, M. sodalis maternity habitat i s ·�50 m l ower in elevation than average conditions.
This i s l ikely linked to bottomland forests in that regular flooding of l ow elevation,
riparian forest may provide important habitat for bats by creating foraging habitat and
new roosts. Although pines are important in some areas of the species range (O'Keefe
and Loeb 20 1 7), Carter et al . (2002) found no significant difference in the amount of
coniferous forest in roosting and random sites in Illinois and we found that area of
coniferous forest actually had a negative effect on predicting maternity habitat suitability
at a state-wide scale.
Pauli et al. (20 1 5) suggested that M. sodalis require l ocally forested areas within
larger semi-forested areas because it allows for more solar exposure at roosts. We see a
similar pattern in our models, that bats need more forested areas as well as more forest
edge available. Since our data i s at a coarser resolution ( I 00 m), at state-wide spatial
scales, with models created using both roosting and capture occurrence data, we further
hypothesize that bats use landscape pattern (landscape composition, configuration and
proximity to features), not j ust waterways (Sparks et al . 2005), for foraging and
navigational purposes. If this i s true, then M. soda/is are likely sensitive to changes i n the
landscape (fragmentation, urban sprawl, etc.), especially in habitat patches along
migration routes.
Our results regarding agriculture having a quadratic effect might suggest that
having some agriculture provides foraging opportunities (Kaiser and O'Keefe
20 1 5 ; Sparks et al . 2005). An excess of agriculture, however, l eads to more fragmented
and i solated forest patches (Carter et al 2002). Thi s not only decreases l andscape
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permeability, but may also increase mortality risk from bioaccumulation of insecticides
(O' Shea and C lark 2002). Distance to closest hibernation site was an important factor in
both plausible models, reinforcing the importance of having reachable habitat avail able,
which can be limited by large tracts of agriculture.
One-third of Ill inoi s contains suitable or optimal habitat, and it is encouraging that
many protected lands contain optimal habitat. We recommend several priority
conservation strategies based on our findings. First, for the nine optimal habitat patches
that are most important for functional connectivity, we recommend that tree harvest be
limited and delayed during the spring, summer and fall seasons. Such actions should aid
in the species recovery, as bats are likely moving through habitat patches and still using
roost trees outside of the maternity season (Pettit and O'Keefe 20 1 7).
The second strategy i s to allocate resources to conserve habitat in the 1 ,224
parcels on state and federally-owned and/or managed l ands across Illinois that currently
contain optimal habitat, regardless of connectivity importance values. The PC metrics
allow us to prioritize patches for connectivity, however it must be noted that several
patches that were less important according to dPC still contained optimal habitat where
maternity records have been l ocated. Our analyses reveal there is avail able optimal
habitat along the Illinois River, but none of the patches have very high connectivity
importance despite proximity to Blackball Mine, a hibernation site with large population
counts that USFWS has designated "critical habitat" (IDNR 20 1 7; USFWS 2007; Figure
6). Improving functional connectivity at state and federally-owned and/or managed l ands
within the Illinois River Valley in particular may be especially important as it is along the
most northern part of the species range and is predicted to be a vulnerable area under
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future climate change (Loeb and Winters 20 1 2) and wind energy development scenarios
(Erickson et al . 20 1 6) .
The final strategy i s to decrease the hostility of the matrix surrounding the nine
priority patches and state and federally-owned and/or managed l ands that i ntersect with
optimal habitat. Inferring from our models that habitat suitability decreases with
increased agriculture, we advocate for conversion of agricultural l ands surrounding
habitat patches to native habitats, prioritizing areas i mportant for functional connectivity .
This would include some reforestation, but also conversion to native prairie and grassland
habitats. Because insect declines have been globally l inked to increased agriculture
(Sanchez-Bayo and Wyckhuys 20 1 9) and declines in insects lead to coll apsed food webs
(Lister and Garcia 20 1 8), this should not be ignored. Dietrich (2009) advocates that
terrestrial insects are under-studied and therefore under-represented on threatened and
endangered species lists, and conservation should not only focus on plants and
vertebrates, but on insect fauna recovery as wel l . Efforts to restore agricultural l and to
native habitats near habitat patches through Farm Bill and other private-l ands programs
as well as on state and federally-owned l and might reverse i nsect declines and increase
not only populations of declining bats, but could have positive effects on birds and other
insectivorous mammals (Reil ey et al . 20 1 9; Sanchez-Bayo and Wyckhuys 20 1 9).
Because we found that M. soda/is choose maternity habitat based on conditions within 95
ha, improving the matrix within that area from existing habitat patches would be effective
in improving maternity habitat suitability . As wind energy continues to rise, siting wind
farms in areas that are farther from hibernation sites and l ess important for connectivity
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will also decrease the matrix hostility by reducing migration mortality risk of cave
hibernating bats (Roscioni et al. 20 1 3).
These strategies will help focus conservation efforts to increase habitat suitability
and connectivity for M sodalis to reach population targets outlined in the species
Recovery Plan (USFWS 2007), however the results from our study come with some
caveats. Sampling bias is a common problem with HSM studies and it may skew
importance of variables (Elith et al. 20 1 1 ). It must be noted that most of the occurrence
dataset we used came from two databases that were compilations of presence data from
multiple sources over several decades; therefore, we do not know the extent of possible
errors or sampling bias. We assume that the regulatory requirements concerning Section
7 of the ESA (requirements for developers to conduct presence/absence surveys in the
event of potential impact) may alleviate some of spatial bias and variable skew (USFWS
20 1 8). The farthest point from a known hibernation site in Illinois is 1 85 .4 km distance,
well-within the migratory dispersal capabilities of M. sodalis (USFWS 2007), suggesting
that all areas within the study area are available for colonization (assuming there is
functionally connected habitat). Interestingly, some records that were filtered out due to
positional accuracy issues seem to line up with areas predicted to be suitable in northwest
Illinois. Efforts by IBCP targeting surveys in areas with M sodalis distribution gaps
likely alleviated some spatial bias. Exploratory mist net and telemetry surveys should
continue to test these HSMs, perhaps adj usting survey effort by predicted habitat
suitability. These models were created with currently available data and as climate and
land use changes over time, and M sodalis potentially alter their behavior and range
(Loeb and Winters 20 1 2), these models will need to be updated as well. Future studies

31

focusing on migration-related questions may lead to better landscape-scale models as we
gain more insight into the behavior, dispersal capabilities and habitat needs of migrating
bats We recognize that M soda/is is only one species of conservation concern and that
resources are limited; therefore, we recommend future studies that overlay HSMs for
multiple sensitive species and identify important patches for a variety of organisms to
maximize return on conservation investment.
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Figure 1. A : Maternity-associated records in Illinois (years 1989-201 7) provided by the
United States Fish and Wildlife Service (USFWS) and the Illinois Department ofNatural
Resources (IDNR), maternity records located by the Illinois Bat Conservation Program
(IBCP, years 201 7-201 8), and hibernation sites also providedfrom USFWS and IDNR.
Map only depicts the 1 58 maternity records retained after filtering out clustered (< 1 km
away from other records) and low positional accuracy records. B: Relative maternity
habitat suitability as determined by plausible models tested in MaxEnt created with
combined IDNR, USFWS, and IBCP occurrence data. C: Habitat patch importance to
the functional connectivity, ranked by the deviation in the Probability of Connectivity
(dPC) when the optimal habitat patch is removedfrom the habitat network.
46

"•

Hibernation site
Maternity record

Habitat suitability

- Less suitable
Suitable

- Optimal

0
30 60
120 Kilometers
I I I I I I I I I

Figure 2. Relative maternity habitat suitability for M. sodalis in Illinois determined by
plausible MaxEnt models. Models were created using occurrence data from Illinois
Department ofNatural Resources and United States Fish and Wildlife Service databases
(years 1 989-201 7) and occurrence data from mist net and telemetry surveys conducted in
201 7 and 2018 by the Illinois Bat Conservation Program. Suitability classes were
determined by natural breaks in the logistic suitability values (Optimal, 0. 44-0. 90;
Suitable, 0. 1 8-0. 43; Less suitable, 0. 00-0. 1 7).
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Figure 3. A large Myotis sodalis maternity roost tree (Populus deltoides, 73. 8 cm DBH,
91.2% solar exposure, 0% understory clutter, 40% exfoliating bark) located in 201 7 by
the Illinois Bat Conservation Program. The highest emergence count was 204 bats
exiting.

48

mean available
r--

..,

0
....

�

�
�

!
111
..,

til

�
16
e

�

In

0

�

...
I>

�
iil

M

0

!!:

-s

e

....

0
0

1 00000

....

�
�

<.:>

0

.0

!J
�
�

.,.

0

;::i
.
.

q;

N

0

200000

2.
lii;>..
;a
.$
.:5..

3

:!]
[I.!

II)
....

"'

....

l5

"'

0.4

0.8

proportion of urban 1n 500 m (0-1 )

"'

0
N

0
....

0
0.0

OA

propol'bon of agnculture

e.
�

in

�

0

1S
g
"!I

"'

�

s
I!!
0.0

ci
ci

"'

0

0.8
ui

500 m (0· 1 :

....

<.:>

.!9
':5

c:i

300

elevabon (m)

e.
�

0
0
....
0

200

1 00

lQ
0
0
�
0

I

in

0

cllstanee to hlborn<ibon Stte. (m)

�

mean observed

�
I2

0

�

0
ci
0.0
proportion of

0.4
valor in

0.8
500 m (0· 1 )

0
M

....

0
0.0

0.4

0.8

proportion of f()(est In 500 m (0-1)

Figure 4. MaxEnt response curves for the six variables used in the best ranked habitat
suitability model (goldilocks). The blue solid line depicts how relative habitat suitability
6i axis) responds to increased values of each variable (x axis). The vertical black dotted
line represents mean conditions available throughout the study area, measured in
ArcMap 1 0. 5. 1. The vertical red dashed line indicates the mean conditions observed at
the 158 Myotis sodalis maternity occurrence locations that were used to create the
models in MaxEnt.
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Figure 5. Zoomed in map of optimal habitat patches in Southern Illinois. Habitat
connectivity was modeled in Conefor Sensinode 2. 6 (CS26) and patch importance is
ranked by the deviation in the Probability of Connectivity (dPC) when patches were
individually removedfrom the network. Connectivity importance classes were determined
by natural breaks in the dPC values (Most important, 2 4. 1 0-71. 90; Important, 5. 0424. 0; Less important, 0. 00-5. 03). Two large habitat patches were most important for
retaining the functional connectivity of the habitat network. Other patches were also
important for migrating bats to reach available habitat farther north. Pink triangles
represent hibernation sites and black circles are the 158 maternity records from Illinois
Department ofNatural Resources and United States Fish and Wildlife Service databases
(years 1989-201 7) as well as Illinois Bat Conservation Program surveys in 201 7 and
2018
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Figure 6. Zoomed in map of optimal habitat patches in the Illinois River Valley. Habitat
connectivity was modeled in Conefor Sensinode 2. 6 (CS26) and patch importance is
ranked by the deviation in the Probability of Connectivity (dPC) when patches were
individually removedfrom the network. Connectivity importance classes were determined
by natural breaks in the dPC values (Most important, 24. 1 0-71. 90; Important, 5. 0424. O; Less important, 0. 00-5. 03). Despite several maternity records, nearby hibernation
sites, and available optimal habitat, no patches within the area are most important for
connectivity. Pink triangles represent hibernation sites and black circles are the 158
maternity records from Illinois Department ofNatural Resources and United States Fish
and Wildlife Service databases (years 1989-201 7) as well as Illinois Bat Conservation
Program surveys in 201 7 and 201 8.
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Table 1. Summary of environmental variables used in creating candidate models, the Area under the Curve (A UCresJ score from
univariate MaxEnt models and the minimum, maximum and mean conditions available throughout the study area and observed at 1 58
maternity occurrence locations (years 1 989-2018) . Variables with A UCrest 2 0. 75 had strong support in the univariate modeling.
Forest edge within a 500 m radius moving window (teJor_500) was the best at explaining the variation in suitability, followed by
area ofbottomland within a 1 km radius (a_bot_l), forest edge within a J OO m radius (teJor_500), area offorest within 500 m radius
(aJor_500), area ofagriculture within 500 m radius (a_ag_500), and area ofwater within 500 m radius(a_wat_500).
Available

Definition

Variable

AUCrest

Min

Max

Observed

Min

Mean

Max

Mean

te for 500

total forest edge in 500 m radius (0- 1 )

0.83

0.00

1 .00

0. 1 8

0.00

0.78

0.39

a bot 1

area of bottomland forest i n l km radius (0- 1 )

0 . 82

0.00

1 .00

0.03

0.00

0.86

0.16

a for 500

area o f forest i n 500 m radius (0- 1 )

0.80

0.00

1 .00

0. 1 5

0.00

0.9 1

0.4 1

a_ag_500

area o f agriculture in 500 m radius (0- 1 )

0.76

0.00

1 .00

0.65

0.00

0.90

0.33

a wat 500

area o f water in 500 m radius (0- 1 )

0.75

0.00

1 .00

0.03

0.00

0.74

0.08

elev

elevation (m above sea level)

0.73

77.42

373.38

1 89 . 9 1

97.54

254.5 1

1 5 1 .88

0.71

9.5 1

1 85,400.00

89,249.26

1 ,1 28 .56

1 62,867.oo

55,2 1 3 . I o

distance (m) from cell center to nearest
dist hib

I

hibernation site

52

temp_may

maximum temperature (Celsius) in May

0.70

1 6.78

25.65

23 . 1 4

22.30

25.54

24.00

np_ag_ l

number of agriculture patches in 1 km radius

0.70

0.00

28.00

3 .46

0.00

1 9.00

5.85

np_for_l

number of forest patches in 1 km radius

0.70

0.00

3 1 .00

4.51

0.00

14.00

5.59

np_wat_l

number of water patches in 1 km radius

0.69

0.00

27.00

1 . 14

0.00

1 4.00

2.73

0.67

0.00

1 3 ,283.50

2,373 .46

I

0.00

6,425.73

1 ,366. 9 1

0.58

0.00

1 .00

0.10

I

0.00

0.74

0.18

0.65

0.00

26,248.2

4,8 7 1 .49

0.00

2 1 ,292.50

6,377.99

distance (m) from cell center to larger water
dist wat
body

a dee 1

area of deciduous forest in 1 km radius (0- 1 )

distance (m) from cell center to closest major
dist roads
road

a urb 500

area of urban in 500 m radius (0- 1 )

0.57

0.00

1 .00

0.06

0.00

0.84

0.03

a con 1

area of coniferous forest in l km radius (0- 1 )

0.55

0.00

1 .00

0.00

0.00

0.4 1

o.o i
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Table 2. Candidate models and the hypotheses tested. Variables that were used in each
model are listed in parentheses andfurther defined in Table 1. Each model was created
using 1 58 maternity occurrence records for Myotis soda/is in Illinois. Occurrence data is
.from Illinois Department ofNatural Resources and United States Fish and Wildlife
databases (years 1 989-201 7) and IBCP mist net and telemetry surveys (201 7 and 2018).
Model name (variables)

hibemacula

Distribution hypothesis

closer to hibernation sites

(dist_hib)

water

where more surrounding water is available

(a_wat_500 + np_wat_l + dist_wat)

forest availability

where more surrounding forest is available

(ajor_500 )

forest type

where certain forest types are available

(a_bot_l + a_dec_l + a_con_l )

forest complexity

where more forest edge is available

(tejor_500)

forest fragmentation

in larger, more intact forests

(a_for_500 + npjor_l )

agriculture

where less agriculture is available

(a_ag_500 + np_ag_l )

urban disturbance

where less human disturbance

(dist_roads + a_urb_500)

54

elevation

at lower elevations

(elev)

climate

in warmer areas

(temp_may )

insects

in areas likely to support more insects

(te_for_500 + a_ag_500 + max_temp_may +
np_water_l + a_urb_500)

foraging needs
(te_for_500 + a_wat_500 + temp_may + np_wat_l )

snag availability
(a_for_500 + dist_wat)

migration demand
(a_for_500 + a_wat_500 + dist_hib)

goldilocks
(a_for_500 + a_ag_500 + a_wat_500 + elev +

where foraging sites are available with
suitable foraging temperatures

where more snags are available from flood
events

where basic habitat needs are, closer to
hibernation sites

where more forest, more water, less
agriculture and less urban are available,

dist_hib + a_urb_500)

farther from roads, closer to hibernation sites

land use history bias

where land is not easily accessed to degrade

(a_ag_500 + elev + dist_wat + dist_roads +

habitat

a_urb_500)

research bias

closer to hibernation sites, closer to water

(dist_hib + dist_wat + dist_roads )

and roads due to survey and access biases

Hammond et al. 20 1 6

where forest and pines are available, at

(a_for_500 + elev + a_con_ l )

lower elevations
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Carter et al. 2002
(a_for_500 + a_ag_500 + np_ag_l + np_wat_l +

where more area forest, less area agriculture,
more patches of agriculture, more water

a_urb_ 500)

patches, and less urban available

Carter 2006

where bottomland forests and water are

(a_bot_l + a_wat_500 + dist_wat)

available

Womack et al. 20 1 3

where more forest canopy cover and

(a_bot_l + a_for_500 + elev + dist_wat)

bottomland forest available, closer to water

Britzke et al. 2006

close to hibernation sites where deciduous

(dist_hib + a_dec_ l )

trees are available

De L a Cruz and Ward 20 1 6

in larger, more intact forests with roads

(a_for_500 + np_for_l + dist_roads)

available as corridors

Loeb and Winters 20 1 2

where temperature is suitable and at lower

(elev + max_temp_map )

elevations

global

everything is important

(te_for_500 + a_ag_500 + a_wat_500 + elev +
dist_hib + dist_roads + a_urb_500)

null

distribution is random
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Table 3. Candidate models used to predict Myotis sodalis maternity habitat suitability in
Illinois with number ofparameters within each model (K), Akaike 's Information
Criterion for small sample sizes (A/Cc), the difference between the A/Cc of each model
and the model with the lowest A/Cc (M!Cc), the A/Cc model weights (A/Cc w), and
evidence ratios of each model weight in relation to the highest weighted model. Models
are described in Table 2.
Model

K

AICc

MI Cc

A!Cc w

Evidence Ratio

goldilocks

10

489 1 .83

0

0.78

global

11

4894.37

2.54

0.22

0.28

Womack et al. 20 1 3

4

49 1 3 . 12

2 1 .29

<0.01

<0. 0 1

Hammond et al. 20 1 6

4

49 1 3 . 3 5

2 1 .5 3

<0. 0 1

<0. 0 1

land use history bias

7

49 1 8.23

26.40

<0. 0 1

<0. 0 1

migration demand

6

49 1 8.6 1

26.79

<0. 0 1

<0.01

insects

7

4942.49

50.66

<0. 0 1

<0.01

foraging needs

6

4953.66

6 1 .84

<0. 0 1

<0. 0 1

Carter et al. 2002

8

4977.00

8 5. 1 7

<0. 0 1

<0. 0 1

forest type

5

4980.30

88.47

<0. 0 1

<0. 0 1

snag availability

3

4988.05

96.23

<0.0 1

<0. 0 1

D e La Cruz and Ward 20 1 6

5

4990.69

98.87

<0. 0 1

<0. 0 1

forest availability

2

4998.3

1 06.48

<0. 0 1

<0. 0 1

forest fragmentation

3

5000.25

1 08.42

<0. 0 1

<0. 0 1
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Carter 2006

6

5 0 1 1 .56

1 1 9.73

<0. 0 1

<0. 0 1

forest complexity

2

5029.45

1 3 7.63

<0. 0 1

<0. 0 1

research bias

5

5040. 1 9

1 48.37

<0. 0 1

<0. 0 1

agriculture

4

5048.43

1 56.6 1

<0. 0 1

<0. 0 1

5066.73

1 74.90

<0. 0 1

<0. 0 1

elevation

Loeb and Winters 20 1 2

2

5067.7 1

1 75 . 8 8

<0. 0 1

<0.01

Britzke et al. 2006

4

5080.76

1 88.94

<0. 0 1

<0.01

hibemacula

2

5097.63

205 . 8 1

<0. 0 1

<0. 0 1

5 1 00.96

209. 1 3

<0. 0 1

<0. 0 1

climate

water

5

5 1 1 4. 1 7

222.35

<0. 0 1

<0. 0 1

urban disturbance

4

5 1 99.62

307.79

<0. 0 1

<0. 0 1

52 1 3 .4 1

3 2 1 .59

<0. 0 1

<0. 0 1

null

58

Table 4. Parameter coefficient estimates for variables that appear in plausible models
(goldilocks and global), directions of influence (positive or negative), and importance
values. Importance values were calculated by summing the A/Cc weight across all
models in which a parameter appeared. Parameters with "/_q " refer to quadratic effects.
Area ofagriculture in 500 m radius (a_ag_500), area ofwater in 500 m radius
(a_wat_500), elevation (elev), distance to nearest hibernation site (dist_hib), and area of
urban in 500 m radius (a_urb_500) appeared in both plausible models and had
importance values of 1. Area offorest in 500 m (aJor 500) appeared only in the top
model (goldilocks). Distance to major roads (dist_roads) and total edge offorest in 500
m (teJor_500) appeared only in the second-ranked model (global). Variables are further
defined in Table 1.

Parameter

Goldilocks estimate

Global estimate

Importance value

a_ag_500/_q

0.93/- 1 . 79

0/-0.5 1

1 .00

a_wat_500/_q

1 .99/-2.06

0.46/0.76

1 .00

-2.35

-0.72

1 .00

- 1 .28/0 . 1 6

0.32/0.03

1 .00

-0.94

-0.39

1 .00

elev
dist_hib/_q
a urb 500
a_for_500/_q

6.08/-4.44

0.78

dist_roads/_q

3 .28/-3 .68

0.22

te_for_500/_q

2.55/- 1 .08

0.22
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Table 5. Subsample of the 1, 224 identified state andfederally-owned and protected lands that contain optimal maternity habitat in
Illinois. Connectivity importance is the deviation from the Probability of Connectivity (dPC) ofthe habitat patch when it is removed
from the network of habitat patches in Cone/or Sensinode 2. 6, or how important that habitat patch is for reaching all other habitat
patches on the landscape.
Ownership

Priority Site

County

Connectivity Importance

IDNR

Beall Woods State Conservation Area

Wabash

IDNR

Berryville Shale Glade State Natural Area

Union

7 1 .89

IDNR

Big Grand Pierre Glade State Natural Area

Pope

7 1 .89

IDNR

Brown Barrens State Natural Area

Union

7 1 .89

IDNR

Burning Star State Fish and Wildlife Area

Jackson

7 1 .89

IDNR

Cache River State Natural Area

Massac, Pulaski

7 1 .89

IDNR

Campbell Pond State Habitat Area

Franklin, Jackson

7 1 .89

IDNR

Cape Bend State Fish and Wildlife Area

Alexander

7 1 .89

IDNR

Cave-In-Rock State Park

Hardin

7 1 .89

IDNR

Chestnut Hills State Natural Area

Pulaski

7 1 .89

9.67
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IDNR

Collier Limestone Glade State Natural Area

Hardin

7 1 .89

USFWS

Crab Orchard National Wildlife Refuge

Jackson, Williamson

7 1 .89

IDNR

Cretaceous Hills State Natural Area

Pope

7 1 .89

USFWS

Cypress Creek National Wildlife Refuge

Alexander, Pulaski, Union

7 1 .89

IDNR

Cypress Pond State Natural Area

Union

7 1 .89

IDNR

Deer Pond State Natural Area

Johnson

7 1 . 89

IDNR

Devil's Island State Fish and Wildlife Area

Alexander, Union

7 1 .89

IDNR

Devil's Prop State Natural Area

Jefferson

IDNR

Dixon Springs State Park

Pope

7 1 .89

IDNR

Ferne Clyffe State Park

Johnson

7 1 .89

IDNR

Fort Defiance State Park

Alexander

7 1 .89

IDNR

Fort Massac State Park

Pulaski

7 1 .89

IDNR

Fox Ridge State Park

Coles

IDNR

Giant City State Park

Jackson

7.72

0.00

7 1 .89
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IDNR

Gibbons Creek Barrens State Natural Area

Pope

7 1 .89

IDNR

Golconda Marina State Recreation Area

Pope

7 1 .89

USFWS

Great River National Wildlife Refuge

Calhoun

24. 1 0

IDNR

Guthrie Cave State Natural Area

Union

7 1 .89

IDNR

Horseshoe Lake-Alexander State Fish and Wildlife Area

Alexander

7 1 .89

IDNR

Horseshoe Lake-Madison State Fish and Wildlife Area

St. Clair

4.65

IDNR

Jackson Slough Woods State Natural Area

St. Clair

1 4 .9 1

IDNR

Jubilee College State Park

Peoria

IDNR

Kaskaskia River State Fish and Wildlife Area

Monroe, Randolph, St. Clair

1 4.9 1

IDNR

Kincaid Lake State Fish and Wildlife Area

Jackson

7 1 .89

IDNR

Kincaid Mounds State Historic Site

Massac

7 1 .89

IDNR

Lake Murphysboro State Park

Jackson

7 1 .89

IDNR

Lovett's Pond State Natural Area

Jackson

7 1 .89

IDNR

Lusk Creek Canyon State Natural Area

Pope

7 1 .89

0.00
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IDNR

McClure School Shale Glades State Natural Area

Union

7 1 .89

IDNR

Meredosia Lake State Fish and Wildlife Area

Morgan

1 2.70

USFWS

Meredosia National Wildlife Refuge

Cass, Morgan

1 2.70

IDNR

Mermet Lake State Fish and Wildlife Area

Pulaski

7 1 .89

USFWS

Middle Mississippi River National Wildlife Refuge

Monroe, Randolph, Jackson

7 1 .89

IDNR

Miller Shrub Swamp State Natural Area

Marion

IDNR

Mt. Vernon Game Propagation Center

Jefferson

7 1 .89

IDNR

Peabody River King State Fish and Wildlife Area

St. Clair

1 4. 9 1

IDNR

Piney Creek Ravine State Natural Area

Jackson, Randolph

7 1 .89

IDNR

Pyramid State Recreation Area

Perry

IDNR

Ray Norbut State Fish and Wildlife Area

Pike, Scott

1 2.70

IDNR

Ren-Dill Shale Glade State Natural Area

Union

7 1 .89

IDNR

Rend Lake State Fish and Wildlife Area

Jefferson

7 1 .89

IDNR

S ahara Woods State Fish and Wildlife Area

Saline

7 1 .89

7.72

4.2 1
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IDNR

Saline County State Conservation Area

Gallatin, Saline

7 1 . 89

USFS

Shawnee National Forest

Multiple

7 1 .89

IDNR

S ielbeck Forest State Natural Area

Pulaski

7 1 .89

IDNR

Siloam Springs State Park

Adams, Brown

1 2.70

IDNR

S ilver Creek Nature Preserve

St. Clair

14.91

IDNR

Sipple S lough Woods State Natural Area

Washington

14.91

IDNR

Skinner Farm State Habitat Area

Johnson

7 1 .89

IDNR

Stephen A. Forbes State Recreation Area

Marion

IDNR

Swayne Hollow State Natural Area

Randolph

7 1 .89

IDNR

Trail of Tears State Forest

Union

7 1 .89

IDNR

Tunnel Hill State Trail and Greenway

Saline, Williamson

7 1 .89

IDNR

Turkey Bluffs State Fish and Wildlife Area

Randolph

7 1 .89

IDNR

Union County State Fish and Wildlife Area

Union

7 1 .89

IDNR

Wagon Lake State Natural Area

St. Clair

14.91

7.72
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IDNR

Wayne Fitzgerrell State Park

Franklin

7 1 .89

IDNR

Weinberg-King State Fish and Wildlife Area

Brown

1 2 . 70

IDNR

Wise Ridge Bedrock Trail State Natural Area

Johnson

7 1 . 89
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Institutional Animal Care and Use Committee
University ofIllinois

TO:

Mark Davis

FROM:

Philip Solter, PhD

DATE:

Friday, July 1 5 , 201 6

SUBJECT:

Approval o fAnimal Use Protocol

Your animal use protocol submission entitled, " Illinois Bat Conservation Program," was approved by the Institutional
Animal Care and Use Committee (IACUC) on Friday, July 1 5, 201 6. The !ACUC approval number for this protocol is

1 6074.
Please note that changes in the protocol, animal numbers, or personnel must receive approval by the IACUC.
This approval is valid for a three-year period, which expires on 7/1 5/20 19. If work will continue beyond the
expiration date, a new protocol will need to be submitted and approved by the IACUC prior to 7/1 5/20 1 9 .
Additionally, federal regulations and campus policy require annual administrative review o f protocols. You will
receive notification from the IACUC prior to the deadlines for these reviews as well as for the protocol expiration.

If you have any questions, please do not hesitate to contact the IACUC staff.
Sincerely,

Philip Solter, PhD
Chair, IACUC
University of Illinois at
Urbana-Champaign

